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(54) TRANSPARENT LAMINATE HAVING LOW EMISSIVITY 



(57) When a ZnO layer is formed as a dielectric layer phous layer but also the dielectric layer function as a 
on an amorphous layer, a columnar crystal structure of barrier for preventing the invasion of moisture and gas 
ZnO is put into disorder whereby not only the amor- from outside whereupon durability of a metaf layar (Ag) 

is improved. 
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Description 

Technical Field 

5 [OOOI] The present invention relates to a transparent layered product with low emissivity coaling wnlch is used as 
mulii-iayeredglasS: laminated g'ass. transparent plate having a function of electromagnetic wave control, planar heat- 
ing unit, transparent electrode and the like 

Background of the Invention 

10 

[0002] As a layered product having low emissivity coating which achieves a function of solar shielding and high 
thermal insulation, mat which is disclosed in Japanese Patent Laid-Open No6. 30,212/1988. 134,232/1988 or 
239.044/1988, etc. has been known. 

[0003] Such a transparent layered product with low emissrvrty coating is constituted by forming of a dielectric layer 
f 5 and a metal layer in (2n+ 1) layers In total on a transparent substrate followed by forming a protective layer as the upper 
most layer. It has been also known that ZnO is excellent in a film-forming speed the as the above-mentioned dielectric 
layer and that Ag is excellent in a function of infra-red reflection as a metal layer. 
[0004] With regard to a protective layer, SiN,. Ti0 2 or SIAIO<N y (sialon) has been known. 

[0005] in the above-mentioned transparent layered product with low emissivity coating, there has been a problem 

^0 that the metal layer is corroded by a migration with moisture, oxygen, chlorine and the like in air Under such circum- 
stances, the present applicant has found that the above-mentioned moisture and the like In air transmits a metal oxide 
layer (dielectric layer) located over a metal layer and arrives the metal layer, and previously proposed in the Japanese 
Patent Laid-Open No 71 .441/1 997 on the basis of the above finding that, when an average crystallite size of crystalline 
panicles constituting the metal oxide layer is made 20 nm or less, the metal oxide layer can be made dense whereby 

2s the above-mentioned corrosion can be prevented and durability of the layered product Is improved. 

[0006] As to the method for making the crystallite size of the metal oxide layer small, there are mentioned three 
methods in the invention proposed In the above Japanese Patent (_3id-Open No 71. 441/1 997, they are 1 ) a method 
where a Zn target 16 used and pressure of a sputtering gas is made high, 2) a method where a Zn target is used and 
nitrogen gas is mixod with oxygen gas which is a sputtering gas and 3) a method where an Al-doped 2nO target is 

30 used and a .sputtering is carried out using Ar gas containing several percents of oxygen However, there are prob- 
lemtherein such as that in the above-mentioned 1). pressure in a sputtering apparatus becomes unstable and a film 
quality becomes non-uniform as a result of making the pressure of tne sputtering gas high; in the above-mentioned 
2). a sputtering rate becomes unstable end the film quality becomes non-uniform; and, m me above-mentioned 3) the 
target is expensive. Accordingly, the proposal is not always advantageous for a product in a large size represented by 

J5 window glass for buildings. 

[0007] On the other hano however, unless it is earned out to make rhQ crysiallito size of the metal oxide layer small, 
there is formed a film as shown in Fig 1 0 where the degree of crystal orientation is high and. in addition, unevenness 
of the surface Is large. When the degree of crystal orientation is high, grain boundary is aligned in a direction of thickness 
and via the grain boundary components which deteriorate the metal layer from outside-to be specific, oxygen, chlorine 

40 sulfur, moisture etc - arrive the surlace of the motal layor. 

[0006] When the unevennes6 of the ZnO layer is large, the unevenness of a film layered thereon 16 also large and. 
as a result, the surface unevenness ot the transparent layer product with low emissivity becomes large That has been 
one of the causes for a low resistance against abrasion. There is another problem that the surface unevenness of the 
ZnO layer affects the metal layer whereupon the interface of the matal layor also becomes uneven, free energy of the 

4 * metal surface becomes high and. further, migration is apt to take place easily resulting In corrosion. 

[0009] As to an invasion route of the component which deteriorates the metal into a film, invasion from the side of 
substrate will be available In addition to that from the surface of a layered product, in the case of the invasion from the 
substrate side, arrival of alkaline components such as sodium ion and calcium ion diffused from the substrate at the 
metal film may be exemplified as well as the above-mentioned components 

50 [0010] Incidentally, although a protective film such as SiN r Ti0 2 or S»AIO,N y (sialon) is amorphous and the grain 
boundary Is not aligned in the direction of thickness, it has been found as a result of experiments that, when the crystal 
orientation of a dielectric layer formed outside the metal layer is high suppression of deterioration of metal layer is not 
sufficient 

ss Disclosure of the Invention 

[0011] The present inventors have found that durability of a transparent layered product with low emissivity coaling 
or. in other words, deterioration of a metal layer (Ag) is dependent upon the crystal orientation of a dielectric layer and 
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that, in order lo put the crystal orientation of the dielectric layer into disorder for making the amorphous -like (a state 
near amorphous form or an amorphous form). It is effective and simple to install an amorphous layer as a lower layer 
and. on the oasis of such a finding, the present invention has oeen achieved 

[0012] Thus, the transparent layered product with low emissivity coating according to the present Invention is made 
i In such a constitution that, In a transparent layered product with low emissivity coating where a dielectric layer and a 
metal layer are rormed allernalmgiy on a substrate, at least one dielectric layer is divided in a direction of Mm thickness 
by at least one amorphous layer 

[0013] When, for example, a ZnO layer is formed as a dielectric layer on an amorphous layer the columnar crystal 
structure of ZnO is put into disorder giving an amorphous-like form and not only the amorphous layer but also the 

'0 dielectric layer function as a barrier for preventing the invasion of moisture and gas from out6ide. 

[0014] In addition, when the surfaco unevenness of the ZnO layer becomes small the result is char tho surface of 
iho transparent layered product with low emissivity coatmgbecome6 smooth and the resistance against abrasion is 
improved. Further, the interface of the metal layer formed on the ZnO layer where the columnar structure is put into 
disorder also becomes flat whereupon free energy lowers, migration is suppressed and durability against corrosion is 

'5 improved as well 

(0015) Such a method for dividing a dielectric layer in a direction of film thickness using an amorphous layer can be 
easily applied under a stable operation of the conventional manufacturing apparatus and is very advantageous for 
applying to the thing of a large size such as window glass for buildings. 

[001 6] As to the dielectric layer which is divided by the amorphous layer as such, there are exemplified oxide layers 

?0 containing at least one metal selected from a group consisting of Zn. Sn. Ti. In and Bi and, among them, a layer in 
which zinc oxide Is a main component is advantageous in view of a film formation speed, etc 
[0O1 7] As to a dielectric layer which Is to be divided by an amorphous layer, a dielectric layer outside [he metal layer 
such as that which is nearest the substrate Is used as a standard and a dielectric layer located at the opposite side of 
the substrate is divided. Since prevention of permeation, etc. of moi6ture Is an object. It is preferred that a dielectric 

25 layer outside the metal fayer is divided by an amorphous layer. 

[0018] When there are plural metal layers there are available a case where the outermost dielectric layer is divided 
by en amorphous layer, a case where other dielectric layer is divided by an amorphous layer and a case where both 
of the above are carried out. When the outermost dielectric layer is divided by an amorphous layer the amorphous 
layer and the dielectric layer thereon function as a barrier for preventing the invasion of moisture and gas from outside 

20 and durability of the layered product is improved. When a dielectric layer other than that is divided by an amorphous 
layer, the amorphous layer and a dielectric layer thereon protect a metal layer which is located nearer the substrate 
from moisture and gas from outside. In addition the amorphous layer suppresses the crystal growth of the dielectric 
layer thereon and the surface unevenness of the layer formed thereon becomes small resulting m an improvement not 
only in terms of abrasion resistance and durability but also in temri6 of smoothness or the metal layer formed on the 

J* . amorphous layer whereby emissivity of the layered product becomes far lower (m other words, thermal insulating 
property is further improved) and transmmance of visible light becomes somewhat high . When all of the dielectric layers 
are divided by amorphous layers, then durability, abrasion resistance and thermal insulating property are further Im- 
proved due to a synergistic action of such amorphous layers 

[0019] When one dielectric layer is divided by plural amorphous layers, crystallization of the dielectric layer ie further 
40 suppressed and durability abrasion resistance and thermal insulating property arc further improved. 

[0020] As to the above-mentioned amorphous layer there may be exemplified nitride layer, oxynitride layer, amor- 
phous oxide layer etc With regard to the above-mentioned nitride layer, the preferred ones are a nitride containing at 
least one metal selected from a group consisting of Si, Al, Ti and Sn, an oxynitride containing at least one metal selected 
from a group consisting of Si, Al Ti and Sn and an amorphous oxide containing at least one metal selected from a 
•fs group consisting of Si, Al. Ti and Sn. When a silicon nitride layer is used as the amorphous layer, durability, abrasion 
resistance and thermal insulating property are improved most significantly and. therefore, silicon nitride is used more 
preferably. 

[0021 ] Film thickness of the above-mentioned metal layer is 5 nm to 25 nm or, preferably, 5 nm to 1 6 nm , film thickness 
of the above-mentioned dielectric layer is 5 nm to 50 nm and preferably 5 nm to 30 nm; and film thickness of the 
so above-mentioned amorphous layer is 3 nm to 30 nm or, preferably. 5 nm co 20 nm. 

[0022] When the amorphous layer is less than 3 nm. it is insufficient for making the dielectric layer formed thereon 
be made amorphous while, even when that is made more than 30 nm. no more effect is achieved. When SiN^ is selected 
for an amorphous layer, that Is time-consuming for forming a film and. therefore, it is advantageous to make 30 nm or 
less. 

a* [0023] When a protective layer comprising the above-mentioned amorphous layer is further formed on the above- 
mentioned layered product there is resulted more improvement in durability and that is preferred Film thickness of 
the outermost protective layer comprising an amorphous layer at that time is from 5 nm to 50 nm or prelerably, from 
5 nm to 30 nm 
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[0024] it is also possible that a sacrificial layer comprising metal, metal oxide or the likeforpreventlng the deterioration 
of a metal layer during the film formation may be inserted in an interface at the distal side from the substrate among 
me interfaces between the above-mentioned metal layer and metal oxide layer. With regard to the spocific examples 
of the sacrificial layer there may be used Tl Zn Zn/Sn alloy, Nb or an oxide thereof. 
. 5 [0025] As to the metal layer an Ag film i$ preferably used and, m addition to mat. it is also possible to use Ag which 
is doped with other metal such as Pd. Au, in, Zn. Sn Al. Cu or the like The crystal orientation of the dielectric layer 
may be quantitatively specified by means of X-ray diffraction Thus, it may be said that crystal orientation of me die- 
lectrics is sufficiently losi when the integral width fji of the peak having a maximum at 32° s 26 (angle of diffraction) s 
35° is from 0 43 to 1 20 or preferably from 0 50 to 1 20 in the X-ray diffraction peaks of the iransparent layered product 
io with low emissivity coating using CuKa line. 

[0026] incidentally, among the dielectrics, tho peak based on a (002) diffraction line of zinc oxido has a maximum ar 
32* S 20 (anglo of diffraction) £ 35° 

Bnaf Description of tho Drawings 

is 

[0027] 

Fig. 1 is a cross-sectional view of a transparent layered product with low emissivity coating according to Example 1 , 
Fig 2 is a cross -sectional view of a modified example of Example 1 ; 
20 Fig 3 is a cross-sectional view of a transparent layered product with low emissivity coating according to Example 2, 

Fig. 4 Is a cross -sectional view of a modified example of Example 2 

Fig. 5 is a cross-sectional view of a transparent layered product with low emissivity coating according to Example 3, 
Fig. 6 is a cross -sectional view of a modified example of Example 3; 

Fig, 7 is a cross-sectional view of a transparent layered product with low emissivity coating according to Example 4; 
^5 Fig 8 is a cross-sectional view of a transparent layered product with low emissivity coating according to Example 5; 

Fig. 9 is a schematic view of a dielectric layer divided in a direction of film thickness by an amorphous layer 

Fig 10 is a schematic view of crystal growth of the conventional dielectric layer (columnar crystal structure); 

Fig. 1 1 is a schematic constitution of a sputtering apparatus used for applying a transparent layered product with 

low emissivity coating and 
30 Fig 12 Is an X-ray diffraction graph showing a crystal orientation 

Best Mode for Carrying Out the Invention 

[0028] As hereunder, the embodiments of the present invention will be Illustrated by referring to the attached 
35 drawings Fig 1 is a cross-sectional view of a transparent layered product with low emissivity coating according to 
Example 1 while Fig. 2 is across-sectional view of a modified example of Example 1 in the transparent layered product 
with low emissivity coating according to Example 1. a ZnO layer as a dielectric layer having a high crystal orientation 
Is formed on a glass plate as a transparent substrate, an Ag layer is formed as a metal layer on the dielectric layer, a 
ZnO layer is formed as a dielectric layer having a high crystal orientation on the metal layer, an SilM^ layer is formed 
jo as an amorphous layer on the dielectric layer, a ZnO layor is formed as a dielectric layer for making the crystal orientation 
low on the amorphous layer and an SiN x layer is formed as a protective layer having a protective function on the 
dielectric layer 

[0029] in a modified example of Example 1 as shown In Fig. 2. a sacrificial layer (TiOJ is formed on a metal layer 
(Ag) This sacrificial layer acts particularly effectively when a dielectric layer (ZnO) is formed by means of a reactive 
45 sputtering. Thus, when a dielectric layer (ZnO) is formed in a metal layer (Ag) directly, Ag is bonded to oxygen upon 
sputtering and is apt to be deteriorated Therefore. Ti Is formed on a metal layer (Ag) to bond the said Ti to oxygen 
upon sputtering giving TiO„ whereupon the bonding of Ag to oxygen is prevented 

[0030] Fig. 3 is a cross-sectional view of the transparent layered product with low emissivity coating according to 
Example 2 wh ile Fig. 4 is a cro$6-sectionai view of a modified example of Example 2. In the transparent layered product 

50 with low emissivity coating according to Example 2. there are two metal layers (Ag) and. on each of the metal layers 
(Ag) a sacrificial layer (TiOJ is formed. A dielectric layer which is installed between a metal layer (Ag) in inner side (a 
side near the glass) and a metal layer (Ag) in outer side (a distal side from the gla6S) is made in a two-layered structure 
a ZnO layer is formed as a dielectric layer having a high crystal orientation on the metal layer (Ag) of an inner side, an 
SiN k layer is formed as an amorphous layer on the dielectric layer and a ZnO layer is formed on the amorphous layer 

ss as a dielectric layer for making the crystal orientation low In a modified example of Example 2. a sacrificial layer (TiO x ) 
is not formed on each of the metal layers (Ag) 

[0031] Fig. 5 is a cross-sectional view of a transparent layered product with low emissivity coating according to 
Example 3 while Fig. 6 is a cross-sectional view of a modified example of Example 3. In Example 3, a sacrificial layer 
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(Tip,) is formed on a metal layer (Ag) and. in Its mod.f.ed example, no sacrificial layer (TO,) is formed like Example 
2 In che transparent layered product with low emissivity coating according to Example 3, mere are two metal layers 
Ag) and a d.eiectncs which is installed between a metal layer (Ag) ,n inner side (a side near the glass) and a metal 
layer (Ag) in outer s.de (8 distal side trom the glass) is made m a three-layered structure, a ZnO layer is formed as a 
d.electnc layer having a high crystal orientation on the metal layer (Ag) or the inner s.de. an SiN layer is formed as an 
amorphous layer on the d.elec.nc layer, a ZnO layer ,s lormed as a d.electnc layer (or making the crystal orientation 
low on the amorphous layer, an S,N, layer is formed as an amorpnous layer thereon and a ZnO layer ,s formed on the 
amorphous layer as a dielectric layer for making the crystal orientation low. 

[0032] Fig 7 is a cross-secilonai view of a transparent layered product with low emissivity coating according to 
Example 4. m the transparent layered product with low em.ssiv.ty according lo Example 4, there are two metal layers 
(Ag) and each of a d.cloctnc layer which is .nscallcd between glass and a metal layer (Ag) ot an inner side (the s,dc 
roar the glass) and a dielectric layer wh,ch is installed between the metal layor (Ag, of Inner side and Ihc metal layer 
(Ag) of outer s,de is made in a two-layered structure. In Bach of the dielectrics in a two-layered structure a ZnO layer 
is formed as a d.electnc layer having a high crystal orientation at the side near the glass, an SiN, layer Is formed as 
an amorphous layer on the dielectric layer and a ZnO layer as a d.elec.rlc layer .or making the crystal orientation low 
is lormed on the amorphous layer 

[0033] Fio 8 is a cross-seaional view of a transparent layered product with low emissivity coating according to 
Example 5 and, n the transparent layered product with low emissivity coating according to Example 5, there are two 
metal layers Ag and each of a dielectric layer which is installed between glass and the metal layer (Ag, of an inner 
side, a *etaclne layer installed between the metal layer (Ag) of the inner aide and the metal layer (Ag) of the outer side 
and a Jie ectrc layer wh.ch « installed outside the metal layer (Ag) of the outer side is made in a two-layered structure 
™t f^T™ >« I two-layered structure, a ZnO layer IS formed as a dielectric layer having a high crystal 
orientation at the side near the glass, an SIN, layer Is formed as an amorphous layer on the dielectric layer and a ZnO 
layer ,s formed as a dielectric layer for making the crystal orientat.on low on the amorphous layer 
[0034] incidentally. In Examples 2. 3 and 4, the dielectric layer (ZnO) formed outside the metal layer (Ag) on the 
outer side ,s not a substance having a low crystal orientation However, It ,s possible as well that the dielectric layer 
£?« ° UIS,delhe me,al la y er < A 9> on tfie ° uter s "*e ■ a substance having a low crystal orientation. 
0035] With regard to the dielectric layer (ZnO) formed on an amorphous layer of the above-ment.oned Examples 1 
o 5. onentat-on of the crystals is put into disorder as schematically shown In Fig. g and the smoothness of the surface 
Is improved As hereunder, an illustration w.ll be made for specify Examples and Comparative Examples. 

(Example i) 

S ° n rt on , e °[ * e surtaces or corT,mon rloat 9'ass or 3 mm (thickness) x 2500 mm x 180 o mm. a transparent 
layered product with low em.ss.v.ty coet.ng ,n a s.ruc.ure as shown ,n Fig 1 , i.e. a sandwiched s.ruciure of dieiecir.es/ 
silver/d.electncs compns.ng glass/ZnO/Ag/ZnO/SiN./ZnO/SiN, was filmed by the so-called magnetron sputtering ap- 
paratus ot an in-line type of a load lock system having live sets of cathodes as shown In Fig 11 

ES ^f,"" 11 '" 9 W9S Ca , rr,ed ou ' ,n such 8 mannor « w «hed plate glass (G) was conveyed lo a load lock 
Chamber (1) i from an inlet of a coating apparatus as shown ,n Fig. 11. exhausted to an extent of a predeterm.ned 
pressure and conveyed to a coating chamber (2) a sputtering gae was introduced into the coating chamber 12) tho 
ZTZl "* " dj ' u,,ad ,0 a P"*«ermined °he be.ng balanced with an exhausting pump, electnc power was applied 
to a cathode (3) to generate electric discharge and a mater.al sel at each cathode was sputtered 
[0038] In this Example, the glass upon coat.ng was filmed at room temperature without any particular heating As 
hereunder, details of the coating will be described S 
[0039] First^ « mixed gas comprising Ar gas contain.ng 2% of oxygen gas was introduced into a chamber to make 
the pressure 040 Pa direct current (30 kW) was applied to a cathode (3a) set with a sintered zmc oxide target (size- 

11 m * k T ] l ° Wh ' Ch 2% by m3SS °' a ' um,na were added 10 caLSe a 'he glass was shuttled 

mn-n, ' T h u scathode hereupon a zinc oxide film to wh,ch aluminum was added was formed as the first layer 
[0040] Then the gas in the chamber was switched to Ar gas to make the pressure 0 45 Pa, direct current (14 kW) 
was applied to a cathode (3c) set with a silver target (size 3,100 mm x 330 mm) to cause a sputtering and the class 
was passed beneath the cathode whereupon a silver film was formed as the second layer. 

[0041 ] After that, a 2,nc oxide film to which aluminum was added was formed as the third layer by the same metnod 
as m the case of the first layer. 7 ° 

[0O42J Then, the gas in the chamber was sw.tch to N 2 gas to make the pressure 0 45 Pa, direct current .50 kW) was 
applied to a cathode (3ej set with a silicon target (sue: 2,900 mm x 150 mm diameter) to which i 0 % by mass of 
aluminum were added to cause a reactive sputtering and the gi ass was shuttled beneath the cathode whereupon a 
silicon mtr.de film to which aluminum was added was formed as the fourth layer. 

[0043] Alter that, a 2.nc oxide film to which aluminum was added was formed as the fifth layer by the same method 
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as m the case of the first layer and, finally, a silicon nitride film to which aluminum was added was formed as the sixth 
layer by the same method as in the case of the fourth layer. 

[0044] The film thickness was adjusted by the speed for passing the glass and the times for the shuttling and the 
first layer was made 10 nm. the second layer was made 9 nm the mjrd layer was made 26 nm : the fourth layer was 
5 made 5 nm. the fifth layer was made 9 nm and the sixth layer was made 7 nm. 

(Example 2) 

[0045] A transparent layered product with low emis6iv;ty coating in a structure as shown in Fig. 3, I.e. a sandwiched 
to structure of dielectnc6/6tlver/dielectrics/3ilver/dielectncs comprising glaS6/ZnO/Ag/H"iO t /2nO/SiN x /2nO/Ag^iO,/ZnO/ 
SiN was filmed on one of the surfaces of tho same common float glass using the same spunonng apparatus as in 
Example 1 according to the following manner 

(0046] Firs:, oxygen gas was introduced into a chamber to make the pressure 0.40 Pa, direct current (55 kW) was 
applied to a cathode (3b) set with a 2inc target (size 3.100 mm v 330 mm) to cause a reactive sputtering and the 

15 glass was shuttled beneath the cathode whereupon a 2inc oxide film was formed as the first layer. 

[0047] Then the gas in the chamber was switched to Ar gas to make the pressure 0 45 Pa, direct current (B kW) was 
appl<ed to a cathode (3c) set with a silver target (size 3.100 mm y 330 mm) and. ai the same time, direct current (B 
kW) was applied to a cathode (3d) set with a titanium target (site 3,100 mm x 330 mm) followed by passing the glass 
beneath the both cathodes whereupon a silver film and a titanium film were formed as the second and the third layers, 

20 respectively 

[0048] After that, a zinc oxide film was formed as the fourth layer by the same method as in the case of the first layer. 
During the formation of the oxide film of this fourth layer, the titanium film of the third layer plays a role of the so-called 
sacrificial layer, i.e.. the said titanium film Itself is oxidized whereby deterioration of the silver film is prevented 
[0049] Then, the gas m the chamber was switched to N 2 gas to make the pressure 0.45 Pa. direct current (50 kW) 
25 was applied to a cathode (3e) set with a silicon target (size- 2.900 mm x 150 mm diameter) to which 10% by mass of 
aluminum were added to cause a sputtering and the glass was shuttled beneath the cathode whereupon a silicon 
nitride film to which aluminum was added was formed as the fifth layer. 

[0050] After that; a zinc oxide film of the sixth layer wa6 formed by the same method as in the case of the first layer; 
a silver film of the seventh layer and a titanium film of the eighth layer were formed by the same method as in the case 

30 of the second and the third layers, a zinc oxide film of the ninth layer was formed by the same method as in the case 
of the first layer (at that time the titanium film of the eighth layer was oxidized as a sacrificial layer as same as the 
third layer) ; and finally, a silicon nitnde film of the tenth layer to which aluminum was added was formed by The same 
method as in the case of the fifth layer. The film thickness was adjusted by the speed Tor passing the glass and the 
times for the shuttling (while electric power was also adjusted for the seventh layer only) and the first layer was made 

35 13 nm, the second layer was made 8 nm. the third layer was made 3 nm, the rounn layer was made 45 nm, the fifth 
layer was made 0 nm, thesixih layer was made 25 nm. the seventh layer was made 13 nm. the eighth layer was made 
3 nm, the ninth layer was made 22 nm and the tenth layer was made 8 nm 

(Example 3) 

[0051] A transparent layered product with low emissivity coating in a structure a6 6hcwn in Fig. 5, i.e a sandwiched 
structure of dielectrics/silver/dieiectrics/silver/dlelecincs comprising glass/ZnO/Ag/TiO/ZnO/SiN^ZnO/SiN/ZnG/Ag/ 
TiO„/ ZnO/SiN, was filmed on one of the surfaces of the same common float glass using the same sputtering apparatus 
as m Example 1 according to the following manner 
-»s . [0052] Thus, a zinc oxide film of the first layer, a silver film of the second layer, a titanium film of the third layer 
(becoming a titanium oxide film after acting as a sacrificial layer) : a zinc oxide film, of the fourth layer, a silicon nitride 
film of the fifth layer to which aluminum was added and a zinc oxide film of the sixth layer were formed by the same 
method as in the case of Example 2 

[0053] After that a silicon nitride film of the seventh layer to which aluminum was added and a zmc oxide layer of 
50 the eighth layer were formed by the same method as in the case of the fifth and the sixth layers and then a silver Mm 
of the ninth layer, a titanium film of the tenth layer, zinc oxide film of the eleventh layer (at that time the titanium film 
of the tenth layer was oxidized as a sacrificial layer as same as above) and a silicon nitnde Mm of the twelfth layer to 
which aluminum was added were formed by the same method as in the case of the second, the third, the fourth and 
the fifth layers, respectively 

55 [0054] The film thickness was adjusted by the speed for passing the glass and the times for the shuttling (while 
electric power was also adjusted for the ninth layer only) and the first layer was made 19 nm. the second layer was 
made 6 nm ; the third layer was made 3 nm. the fourth layer was made 1 6 nm, the fifth layer was made 1 3 nm. the sixth 
layer was made 1 7 nm, the seventh layer was made 14 nm, the eighth layer was made 18 nm. the ninth layer was 
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made 13 nm : the tenth layer was made 3 nm. the eleventh layer was made 11 nm and the twelfth layer was made 19 nm 
(Example 4) 

5 [0055] A transparent layered product with low emissivity coating m a structure as shown in. Fig 7 i.e a sandwiched 
structure of dieleclrics/stiver/dialectncs/silver/Cielecirics comprising giass/ZnO/SiN/ZnO/Ag/TiO/ZnO/SiN/ZnO/Ag/ 
TiOj/ZnO/SiN^ was Mimed on one of the surfaces of the same common float glass using the same sputtering apparatus 
as in Example 1 according to the following manner. 

[0056] Thus, a zinc oxide film of the first layer a silicon nitride film cf the second layer to which aluminum was added 
10 a Zinc oxide film of the third layer, a 6ilver film of the fourth layer a titanium film of the fifth layer (becoming a titanium 
oxide layer after acting as a sacrificial layer), a zinc oxide film of the sixth layer a silicon nitride film of the seventh 
layer to which aluminum was added and a zinc oxide film of the eighth layer were formod by the same method as m 
the case of Example 2. 

[0057] After that, a silve-r film of the ninth layer, a titanium film of the tenth layer, a Zinc oxide film of the eleventh 
'5 layer (at that time, the titanium film of the tenth layer was oxidi2ed as a sacrificial layer as same as above) and a silicon 
nitride Mm of the twelfth layer to which aluminum was added were formed by the same method as In the case of the 
fourth the fifth and the sixth layers, respectively 

[0058] The film thickness was adjusted by the speed for passing the glass and the times for the shuttling (while 
electric power was also adjusted for the ninth layer only) and the first layer was made 4 nm the second layer was 
20 made 5 nm. the third layer wa6 made 4 nm. the fourth layer was made 6 nm. the fifth layer was made 3 nm, the sixth 
layer was made 45 nm. the seventh layer was made 6 nm. the eighth layer was made 25 nm, the ninth layer was made 
13 nm, the tenth layer wa6 made 3 nm, the eleventh layer was made 22 nm and the twelfth layer was made 8 nm. 

(Example 5) 

25 

[0059] A transparent layered product with low emissivity coating in a structure as shown in Fig. 7, i e a sandwiched 
structure of dielectflcs/silver/dielectnce/silver/dieiectncs comprising glass/ZnO/SiN./ZnO/Ag/TiO/ZnO/SiN/ZnO/Ag/ 
T10/ ZnO/SiN/ZnO/SiN^ was filmed on one of ( he surfaces of the same common float glass using the same sputtering 
apparatus as in Example 1 according to the following manner. 
30 [0060] Thus, a zinc oxide film of the first layer, a silicon nitride film of the second layer to which aluminum was added, 
a zinc oxide film of the third layer, a silver film of the fourth layer, a titanium film of the fifth layer (becoming a titanium 
oxide layer after acting as a sacrificial layer), a zinc oxide film of the sixth layer, a silicon nitride film of the seventh 
layer to wnlch aluminum was added and a zinc oxide film of the eighth layer were formed by the same method as in 
the case of Example 2. 

35 [0061] After that, a silver film of the ninth layer, a titanium film of the tenth layer, a zinc oxide film of the eleventh 
layer (at that time, the titanium film of the tenth layer was oxidized as a sacrificial layer as same as above), a silicon 
nitride film of the twelfth layer to which aluminum was added, a zinc oxide film of the thirteenth layer and a silicon nitride 
film of the fourteenth layer to which aluminum was added were formed by the same method as in the case of the fourth, 
the fifth, the sixth, the seventh and the eighth layers, respectively. 

*o [0062] Tho film thickness was adjusted by tho spood for passing the glass and the timoe for the shuttling (while 
electric power was also adjusted for the ninth layer only) and the first layer was made 4 nm, the second layer wa6 
made 5 nm, the third layer was made & nm, the fourth layer was made 6 nm the fifth layer was made 3 nm. the sixth 
layer was made 45 nm the seventh layer was made 6 nm. the eighth layer was made 25 nm. the ninth layer was made 
13 nm. the tenth layer was made 3 nm, the eleventh layer was made 10 nm. the twelfth layer was made 5 nm. the 

*5 thirteenth layer was made 7 nm and the fourteenth layer was made 8 nm. 

(Comparative Example 1 ) 

[0063] A transparent layered product with low emissivity coating in a sandwiched structure of dielectrics/siiver/die- 
so lectncs/silver/dielectrics comprising giass/ZnO/Ag/TiO K /ZnO/Ag/TlO,/ZnO/SiN s was filmed on one of the surfaces of 
the same common float glass using the same sputtering apparatus as in Example 1 according to the following manner 
[0064] Thus, a zinc oxide film of the first layer, a silver film of the second layer, a titanium film of the third layer 
(becoming a titanium oxide film after acting as a sacrificial layer) and a zinc oxide film of the fourth layer were formed 
by the same method as in the case of Example 2 
55 [0065] After that, a silver film of the fifth layer a titanium film of the sixth layer and a zinc oxide film of the seventh 
layer (at that time, the titanium film of the sixth layer was oxidized as a sacrificial layer as same as above) were formed 
by the same method as in the cass of the second the third and the founh layers Finally, a silicon nitride film of the 
eighth layerto which aluminum was added was formed by the same method as m the case of the tenth layer in Example 
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2 

[0066] The film thickness was adjusted by the speed for passing the glass and the times for the shuttling (while 
electric power was aJso adjusted for the fifth layer only) and the first layer was made 16 nm : the second layer was 
made 6 nm. the third layer was made 3 nm. the fourth layer was made 74 nm, the fifth layer was made 1 3 nm the sixth 
* layer was made 3 nm, the seventh layer was made 19 nm and the eighrh layer was made 9 nm 

(Evaluation of Characteristics) 

[0067] In the layereo products prepared as such, their emissivity coating was 0.090 for Example 1 , 0.035 for Example 
10 2. 0.030 for Example 3. 0 02B for Example 4 0 026 for Example 5 and 0 040 for Comparative Example 1 while their 
transmissivity io visiblo light was 83.0% for Example 1. 78.1% for Example 2. 78 4% for Example 3 : 78 6% for Example 
4 : 78 7% for Example 5 and 77 5% for Comparative Example 1 and each of (ho products had ideal charactenstics as 
a transparent layered product wiih low emi66ivuy coating. 

[0068] With regard to an integral width pi ; it was 0 58 for Example 1 , 0 56 for Example 2. 0.98 for Example 3. 0.63 
J5 for Example 4 and 0.68 for Example 5 while, for Comparativg Example 1 it was 0.28 

[0069] As hareunder there is given a Table in which evaluation of characteristics of the products of Examples 1 2, 
3, 4 and 5 and Comparative Example 1 is summari7ed. 



Table 



20 






Ex 1 


Ex 2 


Ex. 3 


Ex. ^ 


Ex.5 


Comp Ex. 1 




Film Constitution and 
Film Thickness (nm) 


SiN K 


7 


8 


19 


8 


.8 


9 




2nO 










7 




25 




SiN, 










5 








ZnO 




22 


11 


22 


10 


19 






T,O x 




3 


3 


3 


3 


3 


30 




Ag 




13 


13 


13 


13 


13 




ZnO 






18 












SiN, 






14 












ZnO 


9 


25 


17 


25 


25 




35 




SiN, 


5 


6 


13 


6 


6 








ZnO 


26 


45 


16 


45 


45 


74 






TiO, 




3 


3 


3 


3 


3 


40 




Ag 


9 


6 


6 


6 


6 


6 




ZnO 








4 


4 








S'N, 








5 


5 








ZnO 


10 


13 


19 


4 


4 


16 


J5 




Glass 


FL3 


FL3 


FL3 


FL3 


FL3 


FL3 




Corresponding Drawings in the Specification 


Fig.1 


Fig. 3 


Fig. 5 


Fig 7 


Fig. 8 






Characteristics 


Emissivity 


0 090 


0 035 


0.030 


0.028 


0.026 


0.040 


50 




Visible Light 
Transmissivity(%) 


83.0 


76. 1 


78 4 


78 6 


78.7 


77.5 






Pi 


0 58 


0 56 


0 96 


0 63 


0 68 


0 28 






Salt water Dipping Test 


0 


0 


0 


0 


0 




55 




Peel Fracture Load (mN) 


• 


26 








13 



[0070] When an XRD analysis of the coaling was carried out by a 6-26 method using a CuKoi ling there appeared 
peaks of 20 within a range of from 32° to 35° which were ail thought to be due to a (002) diffraction line of zinc oxide 
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The said data are exemplified in Fig 12 lor Examples 1 and 2 and Comparative Example 1 The diffraction data were 
subjected to a correction for expansion of peak from a peak position in a standard sample and separation of Ko1 and 
Kq2 and then an integral width $1) was calculated whereupon it was found to be 0.58 for Example 1 , 0.56 for Example 
2, 0 98 for Example 3 and 0 28 for Comparative Example 1 
3 [0071 ] In order to check a chemical resistance of the coating, a salt water dipping test (3 weight % solution of NaCJ. 
20°C) was earned out whereupon, even when dipped for 3 hours, no change was noted at ail lor ihe coatings of 
Examples 1 . 2 and 3 while, m the codling ol Comparative Example \ . (here was noied a pmhoie-iike luminescent spot 
by reflection under strong light 

[0072] In order to check the resistance to scratch of (he coating, a scratch test was carried out by a scratch tester 
'0 CSR-02 manufactured by Rhe6ca Company Limited using a diamond compressing element having a frontal diameter 
of 5 urn whereupon tha load for initiating the peel fracturo of tho coating was 26 mN for Example 2 while it was 1 3 mN 
for Comparative Example 1 

(Comparative Example 2) 

15 

[0073] A transparent layered product with low emissivity coating m a sandwiched structure of dielectncs/siiver/die- 
lectrics/9ilver/dielectrics comprising glass/ZnO/Ag/TiO./ZnO/Ag/TiO/ZnO/SiN,, was filmed on one of the surfaces of 
the same common float glass using the same sputtering apparatus as in Comparative Example 1 according to the 
following manner 

20 [0074] Thus, a zinc oxide film of the first layer, a silver film of the second layer, a titanium film of the third layer 
(becoming a titanium oxide film after acting as a sacrificial layer), a Zinc oxide film of the founh layer, a silver film of 
the fifth layer, a titanium film of the sixth layer a zinc oxide film of the seventh layer (at thai time, the titanium film of 
the sixth layer was oxidized as a sacrificial layer as same as above) and a silicon nitride film of the eighth layer to which 
aluminum was added were formed by the same method as in the case of Comparative Example 1 Incidentally in order 

35 to make an average crystallite size small, the 2inc oxide films of the first the fourth and the seventh layers were formed 
by a reactive sputtering using a 1 :1 mixed gas of nitrogen and oxygen with a gas pressure of 0.40 Pa 
[0075] Non-uniform color was resulted in reflected color and transmitted color in the layered product prepared as 
such whereby there is a problem in terms of uniformity 

30 (Comparative Example 3) 

[0076] A transparent layered product with low emlsslvlry coating In a sandwiched structure of dielectrlcs/siiver/die- 
lectncs/siiver/dielectrics comprising glass/ZnO/Ag/TiOj/ZnO/Ag/TiO/ZnO/SiN,, was filmed on one of the surfaces of 
the same common float glass using the same sputtering apparatus as in Comparative Example 1 according to The 
33 following manner. 

[0077] Thus, a zinc oxide film of the first layer a silver film of the second layer, a titanium film of the third layer 
(becoming a titanium oxtde lilm after acting as a sacrificial layer), a zinc oxide film of the fourth layer a silver film of 
the fifth layer, a titanium film of the sixth layer, a zinc oxide film of the seventh layer (at that time, the titanium film of 
the sixth layer was oxidized as a sacrificial layer as same as above) and a silicon nitride film of the eighth layer to which 

*o aluminum was added were formed by the same method as in the case of Comparative Example 1 Incidentally, in order 
to make an average crystallite si2e small, the zinc oxide films of the first, the fourth and the seventh layers were 
attempted to form by a reactive sputtering where pressure of oxygen was raispd to 1 0 Pa. However due to movement 
of the glass ; conductance in a vacuum chamber changed and the gas pressure became unstable 
[0078] Non-uniform color was resulted in reflected color and transmitted color in the layered product prepared as 

& such whereby there is a problem in terms of uniformity 

[0079] As fully illustrated hereinabove, there is formed such a constitution according to the present invention that, 
in a transparent layered produce with lowemissivity coating where a dielectric layer and a metal layer are formed alter- 
natingly on a &ubstrate, at least one dielectric layer ts divided in a direction of film thickne66 by at Iea6t one amorphous 
layer and, therefore, it is now possible that crystal orientation of the dieleciric layer formed on the amorphous layer is 

so lowered components invaded into the metal layer from outside via the grain boundary of dielectrics are reduced, 
deterioration of the metal layer is effectively suppressed and durability Is enhanced In addition, unevenness on the 
surface of the dielectric layer becomes small and, therefore, the surface unevenness of the layer formed thereupon 
also becomes small and resistance to abrasion is improved. Moreover migration is suppressed as a result of reduction 
in unevenness of the metal layer whereby durability to corrosion is improved as well. Further ihere Is resulted an 

55 advantage that, because of less unevenness of the metal layer, emissivity of the layered product becomes far lower 
or in other words thermal insulating property is improved and transmissivity of visible light becomes high 
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industrial Applicability 

[OOBO] Among the transparent layered products having solar shielding properly and nigh thermal insulating property, 
those which have particularly excellent durability of a metal layer (Ag) can be provided by (he present invention and 
they are effective as Insulailng double gia2ing unit laminated glass, transparent plate having a function of electromag- 
netic wave control, planar heating unit, transparent electrode and the liKe 



Claims 

1. In a transparent layered product with low emissivity coating where a dielectric layer and a metal layer are formed 
altcrnatingly on a substrate a transparent layered product with low emissivity coating which is characterized In 
that at least one dielectric layer is divided in a direction of film thickness oy at least one amorphous layer 



2. In the transparent layered product with low emissivity coating according to claim 1 the transparent layered product 
with low emissivity coating which is characterized In that the dielectric layer divided by the above-mentioned 
amorphous layer is an oxide layer containing at tea6l one metal selected from a group consisting of Zn, Sn TV In 
and Bi. 



20 3. in the transparent layered product with low emissivity coating according to claim 2. the transparent layered product 
with low emissivity coating which is characterized In that the dielectric layer divided by the above-mentioned 
amorphous layer is a layer which mainly comprises zinc oxide. 

4. In the transparent layered product with low emissivity coating according to any of claims 1 to 3, the transparent 
is layered product with low emissivity coaling which is characterized in that at least one layer of the dielectric layers 

divided by the above-mentioned amorphous layer i$ located at the opposite side of a s ubsrrate when a metal layer 
being nearest the substrate is taken as a standard 

5. In the transparent layered product with low emissivity coating according to any of claims 1 to 3. the transparent 
30 layered product with low emissivity coating which Is characterized in that the above-mentioned metal layer Is one 

layer and the dielectric layer divided by the above-mentioned amorphous layer is located at the opposite side of 
a substrate when the said meta/ layer is taken as a standard. 

6. in the transparent layered product with low emissivity coating according to any of claims 1 to 3, the transparent 
35 layered product with low emissivity coating which Is characterized in that there are rwo or more above-mentioned 

metal layers and at leasl one of the dielectric layers divided by the above-mentioned amorphous layers is located 
at the side of a substrate when a metal layer which is farthest from the substrate is taken as a standard 

7. In the transparent layered product with low emissivity coating according to any of claims 1 to 6. the transparent 
JO laycrod product with low cmiseivlty coating which is characterized in that tho abovG-montionod amorphous layer 

comprises at least one layer selected from a group consisting of a nitride laysr. an oxynitnde layer and an amor- 
phous oxide layer 



8. in ihe transparent layered product with low emissivity coating according to claim 7. the transparent layered product 
<tf with low emissivity coating which is characterized in that the above-mentioned nitride layer comprises a nitride 

containing at least one metal selected from a group consisting of Si, Al, Ti and Sn 

9. In the transparent layered product with low emi6Siviry coating according to claim 7 the transparent layered product 
with low emissivity coating which is characterized In that the above-mentioned oxynitnde layer comprises an 

so oxynitnde layer containing at least one metal selected from a group consisting of Si. A!. Ti and Sn 



10. In the transparent layered product with low emissivity coating according to claim 7 the transparent layered product 
with low emissivity coating which is characterized in that the above-mentioned amorphous oxide layer comprises 
an amorphous oxide containing at least one metal selected from a group consisting of Si. Al, Ti and Sn. 

55 

11. In the transparent layeredproduct with low emissivity coating according to any of claims 1 to 10. the transparent 
layered product with low emissivity coating which is characterized in that the outermost layer of the transparent 
layered product with low emissivity coating is a protective layer comprising a nitride, an oxymtride or an amorphous 
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oxide containing at least one metal selected from a group consisting of Si, Ai Ti and Sn. 

12. In the transparent layered product with low emissivity coating according to any of claims 1 to 11, the transparent 
layered product wuh low emissivity coating which is characterized in that ihe film thickness oT the above-men- 

s tioned amorphous layer is irom 3 nm to 30 nm. 

13. In the transparent layered product with low emissivity coating according lo any of claims 1 to 11 , the transparent 
layered product with (ow emissivity coating ^/riicn is characterized in that ihe film rhickness of the above-men- 
tioned amorphous layer is from 5 nm to 20 nm 

to 

14. In the transparent layered product with low emissivity coating according to any of claims 1 to 13. the transparent 
layered product with low omjssivity coating which is characterized In that at least one of the above-mention 
amorphous Iayer6 comprises a silicon nitride layer 

15 1 5. In the transparent layered product with low emissivity coating according To claims 1 to 1 4, the transparent layered 
product with low emissivity coating which is characterized in that fill of the above-mentioned dielectric layers are 
the layers mainly comprising zinc oxide 

16. In the transparent layered product with low emissivity coating according to any of claims 1 to 15. the transparent 
20 layered product with low emlssiviry coating which is characterized in that a sacrificial layer for preventing the 

deterioration of a metal layer during the film formation Is Inserted into an interface which is distal from a substrate 
among the interfaces between the above-meniioned metal layer and metal oxide layer 

17. In (he transparent layeredproduct wrth low emissivity coating according to any of claims i to 16 the transpareni 
25 layered product with low emissivity coating which Is characterized In that the above-mentioned metal layer mainly 

comprises Ag. 

18. In the transparent layered product with low emissivity coating according to any of claims 1 to 17, the transparent 
layered product with low emissivity coating whrch is characterized in that an integral width pi of a peak having a 

30 maximum at 32* < 26 (angle of diffraction) s 35° in X-ray diffraction peaks using CuKa line of the above-mentioned 

transparent layered product of low emissivity is from 0.43 to 1 20 

19. in the transparent layeredproduct with low emissivity coating according to claim 18, the transparent layered product 
with low emissivity coating which is characterized In that the above-mentioned integral width $i is Trom 0 50 lo 1 20 . 

35 

20. In the transparent layered product with low emissivity coating according to any of claim 1 8 or claim 19, the trans- 
parent layered product with low emissivity coating which is characterized In that Ihe above-mentioned peak having 
a maximum at 32 f S 20 (angle of diffraction) < 35° Is a peak depending upon a (002) diffraction line of zinc oxide. 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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